This paper presents a combination of enhancement techniques for fingerprint images affected by different type of noise. These techniques were applied to improve image quality and come up with an acceptable image contrast. The proposed method included five different enhancement techniques: Normalization, Histogram Equalization, Binarization, Skeletonization and Fusion. The Normalization process standardized the pixel intensity which facilitated the processing of subsequent image enhancement stages. Subsequently, the Histogram Equalization technique increased the contrast of the images. Furthermore, the Binarization and Skeletonization techniques were implemented to differentiate between the ridge and valley structures and to obtain one pixel-wide lines. Finally, the Fusion technique was used to merge the results of the Histogram Equalization process with the Skeletonization process to obtain the new high contrast images. The proposed method was tested in different quality images from National Institute of Standard and Technology (NIST) special database 14. The experimental results are very encouraging and the current enhancement method appeared to be effective by improving different quality images.
Introduction
The quality of the ridge and valley in a fingerprint image is an essential characteristic, as these structures contain all the information associated with fingerprint features (Yager & Amin, 2004b) . However, in real applications it is very rare to find images with perfect quality due to factors like skin variations, impression conditions and the illumination effect of capture devices. Due to these different types of noise that affect the clarity of fingerprint patterns, image enhancement techniques are often employed to reduce this noise effect and enhance the definition of ridges and valleys. Applying enhancement algorithms to fingerprint images is necessary for recovering low quality fingerprint images. For the fingerprint image quality to have good intensity there must be a high contrast between ridges and valleys. There must also be clear continuity in the ridge structures. Ideally, perfect images show alternating ridges and valleys that flow in locally constant direction. These are called high contrast images. This regularity in the fingerprint patterns facilitates the process of feature extraction. An example of a high quality fingerprint image can be seen in Figure 1 
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The fusion process using DCT is based on the maximum information for each pixel block of both DCT images (Histogram Equalization (HE) and Skeletonization (SK)). The high information used in this study depended on the variance values of each block. In other words, the fusion process compared the variance values for each block, where the block with the highest value was included and the other ignored. From both processed DCT images, a final DCT image was obtained using equation (17) below.
In order to convert the dct images that were obtained back to fusion images with clear ridges, an inverse transform was applied and calculated using the formula in (18).
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